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The combination of proteins with acids has been studied by Loeb  I 
and  others  largely  by means  of  hydrogen  electrode  measurements. 
The  present  work  constitutes  an  attempt  to  apply  the  method  of 
conductivity titration to the determination  of the combining capacity 
of a  protein  for acids. 
The first work which indicated  that  the measurement  of  electrical 
conductivity could be used in volumetric analysis seems to have  been 
done by Kohlrausch  * in 1885, and since then the method has been given 
in standard  text-books.  3  Recently the method has been  extensively 
used by Kolthoff,  4 who has outlined  the theory on which it depends. 
In  the  neutralization  of a  weak base by a  strong  acid,  the  conduc- 
tivity at  first increases because of the formation  of a  highly ionized 
salt,  and since at first practically  all of the added acid is used up to 
form  the  salt,  the  conductivity  increases  as  a linear function of the 
amount of acid.  As more acid is added,  the formation of the salt is 
no  longer  complete  on  account  of  hydrolysis,  and  the  increase  in 
conductivity becomes faster, due to the presence of the highly mobile 
hydrogen  ion.  Finally,  after  enough  acid  has  been  added  to  com- 
bine with all the base and to repress the hydrolysis, the conductivity 
increases  much  more  rapidly  on  the  addition  of  further  acid,  since 
Loeb, J., Proteins and the theory of colloidal behavior, New York and London, 
1922, Chapter IV. 
2 Kohlrausch, F., Ann. Physik u. Chem., 1885, xxv~, 225. 
8 Kohlrausch, F., and  Holborn, L., Das Leitverln6gen der Elektrolyte,  Leipslc 
and  Berlin, 2nd edition, 1916, 136.  Findlay, A., Practical physical  chemistry, 
London and New York, 3rd edition, 1914, 199. 
4 Kolthoff, I. M., Z. anorg. Chem., 1920, cxi, 1, 28, 97; cxii, 155, 165, 172, 187, 
196. 
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practically  all  the  added hydrogen ion  remains free;  and  here  again 
the conductivity increases as a linear function of the added acid.  The 
point of neutralization  is obtained by plotting  the conductivity as a 
function  of  the  quantity  of  acid  added  and  extrapolating  the  two 
linear  portions  of  the  curve  until  they intersect.  The  shape of all 
the curves obtained with gelatin is similar to that of Fig. 1.  Kolthoff* 
obtained curves of like shape by neutralizing phenol or boric acid with 
sodium  hydroxide,  and  by  neutralizing  urotropin  (hexamethylene- 
tetramine)  with hydrochloric acid.  He thus showed that the method 
was  applicable  to  the  neutralization  of  a  weak  acid  or base with  a 
strong base or acid. 
In applying the method to the neutralization of a protein it is neces- 
sary to consider the fact that proteins are amphoteric electrolytes.  In 
some  preliminary  experiments  in  which  gelatin  solutions  were  first 
treated  with  sodium  hydroxide  and  the  resulting  solutions  titrated 
with hydrochloric acid, it was found that the slope of the conductivity 
curve exhibited practically no change at the isoelectric point.  There- 
fore if the original gelatin  solution is not at the isoelectric point it is 
necessary to make  a  correction for this in  calculating  the  combining 
capacity of gelatin  for acid. 
The  following experimental  procedure was adopted.  A  measured 
volume of a  solution containing a known weight of gelatin was placed 
in the conductivity cell, in a  water bath  at  33°C.  ±  0.02  °.  The  cell 
used was of the Freas type, holding about 130 cc.  Its cell constantwas 
not  determined,  since  only  relative  conductivities  were  needed  for 
this work.  The conductivity was measured in the usual way with a 
Kohlrausch  bridge  and  resistance  box,  using  a  small  induction  coil 
and a  telephone.  Standard  acid was added in small amounts from a 
calibrated  10  cc.  or  2  cc.  burette,  and  after  each  addition  the  con- 
ductivity was measured.  The results were plotted as in Fig.  1,  the 
abscissae being cc. of acid and the ordinates being proportional to the 
specific  conductivities.  From  the  intersection  of  the  two  straight 
lines the end-point was obtained.  The pH was measured of a separate 
sample of each original gelatin solution, using hydrogen  electrodes  at 
33  °  with  a  saturated  KC1  junction,  taking  as  a  standard  the value 
1.037  for  the pH of M/10 HC1.  The  values for  the  end-point  were 
corrected to correspond with an  initial pH of 4.70 by adding or sub- DAVID I.  HITCHCOCK  203 
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FIO. 1.  Conductivity titration  of gelatin with  hydrochloric acid.  The lower 
straight llne represents practically complete formation of gelatin chloride from the 
HC1 added.  The curved dotted line represents the increase in conductivity due 
to hydrolysis of gelatin chloride.  The upper straight line represents the increase 
in conductivity due to excess HC1, after the hydrolysis has been repressed.  The 
intersection of the two straight lines is the apparent point of equivalence, which 
must be corrected if the iuitial pH is not that of the isoelectric point. 20i  CONDUCTIVITY TITRATION 
tracting  the  amounts  of  acid  indicated  by  the  curve  previously 
obtained  5  for  the  combination  of  gelatin  with  hydrochloric  acid. 
This curve appears to be linear at the lower end, a  change in pH from 
4.78 to 4.25  corresponding to 2.0 cc. of 5/10 HC1 per gm. of gelatin. 
The results obtained with different concentrations and different lots of 
approximately  isoelectric  gelatin  and  hydrochloric  and  sulphuric 
acids  are  given  in  Table  I.  Experiment  4  is  represented  also  in 
Fig.  1,  which is  typical of all  the  curves obtained.  The end-points 
in Table I  were obtained from curves plotted on a  much larger scale 
TABLE I. 
Conductivity Titration of Gelatin with Acids. 
Exp~qriomCnt 
1 
2 
3 
4 
Average. 
5 
6 
7 
8 
Average. 
Wt. of 
gelatin. 
0.504 
1.815 
3.992 
4.915 
0.504 
1.822 
1.996 
4.915 
A. Hydrochloric acid. 
Initial  [ Normali~  ~ 
F  (f ~cid. 
100  1.001 
90.7  1.001 
100  1.001 
100  1.001 
End-polnt, 
acid. 
cc. 
0.395 
1.58 
3.76 
4.27 
l~/10 acid 
per gin.  [ Initial  pH, 
gelatin. __ 
8.71  4.75 
9.42  4.84 
8.69  4.74 
Correctic 
to pH 4.7 I 
•/10  acid 
+0.57 
-0.19 
-0.53 
-0.15 
B. Sulphuric acid. 
100 
94 
50 
100 
1.073  0.363  7.72 
1.073  1.42  8.36 
1.073  1.76  9.46 
1.073  4.08  8.91 
4.55  +0.57 
4.73  --0.11 
4.84  --0.53 
4.74  --0.15 
N/10 acid 
equivalent 
to 1 gin. 
gelatin. 
6C. 
8.41 
8.52 
8.89 
8.54 
8.59 
8.29 
8.25 
8.93 
8.76 
8.56 
than Fig. 1.  The ordinates of Fig. 1 are 1,000 times the conductivities 
in reciprocal ohms obtained with  the particular  cell used. 
In order to determine whether this method of determining the end- 
point was affected by the change in volume due to the addition of the 
reagent, a  trial calculation was made with the data of Experiment 8, 
in  which  a  total  of  7.5  cc.  of acid  was  added  to  100  cc.  of gelatin 
solution.  Assuming  as  an  extreme  case  that  the  conductivity was 
inversely proportional to the volume, and that the quantity measured 
ttitchcock, D. I., Y. Gen. Physiol., 1921-22, iv, 733. DAVID I.  HITCHCOCK  205 
should have been the  conductivity at a  constant  volume of 100  cc., 
a  curve  was  constructed  which  indicated  an  end-point  at  4.12  cc., 
while  that  obtained  by neglecting  the  volume  change  was 4.08  cc. 
Therefore  the  change  in  volume could not  have  caused  an  error  of 
much over 1 per cent. 
While the results in Table I  do not all agree within this error,  yet 
the average of the figures for HC1, 8.59, is quite close to the average 
for  H~SO,,  8.56.  Roughly,  then,  the  data  indicate  that  1  gin.  of 
isoelectric gelatin  can  combine with  a  maximum  of  8.6  cc.  of N/10 
HC1 or H,SO4.  The figure obtained from hydrogen electrode measure- 
ments alone,  corrected for an initial pH of 4.70, was 8.9 cc. of  N/10 
HC1.  6 
A  better  check  was  obtained  in  the  case  of  deaminized  gelatin. 
The solution used was that described in a previous paper ;6 its pH was 
4.0.  A  25 cc. sample,  containing 0.742  gm.,  was titrated with  1.000 
N HC1, giving an end-point at 0.323 cc.  Therefore 1 gin.  was equiva- 
lent  to  4.35  cc.  N/10  HC1,  no  correction  for  the  isoelectric  point 
being  required.  The  value  obtained  by  the  hydrogen  electrode 
method was 4.4  cc. 
SUMMARY. 
Titrations have been made, by the conductivity method, of gelatin 
solutions  with  hydrochloric  and  sulphuric  acids.  The  results  in- 
dicate an end-point at about 8.6 cc. of N/10 acid per grn.  of gelatin, 
or a combining weight of about 1,160.  These results are in fair agree- 
ment  with  those  previously  obtained  by  the  hydrogen  electrode 
method.  Better agreement between the  two methods was found in 
the case of deaminized gelatin.  The data are in accord with a purely 
chemical  conception  of  the  combination  between protein  and  acid. 
e Hitchcock, D. I., d. Gen. Physiol., 1923-24, vi, 95. 